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The NASA Langley Research Center is sponsoring a rotorcraft structural dynamics program with 
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ANALYSIS PROCEDURE - OVERVIEW 
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COUPLING OBTAINED BY REQUIRING COMPATIBLE LOADS AND 
DISPLACEMENTS AT THE JUNCTION OF THE ROTOR AND FUSELAGE 


ANALYSIS PROCEDURE - FLOW CHART 
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of matrix [B] are linear. 
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CORRELATE CALCULATED VALUES 
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ANALYSIS PLAN 
C60 ROTOR LOADS PROGRAM 
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Harmonic motion of the rotor hub may be imposed and the resultant 
rotor hub loads and blade moments calculated 
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C60 ROTOR LOADS PROGRAM - DYNAMICS 


I O -C I T3 
r- JZ U 03 C 
m -p -p > 

O *r- *r- 
U O OL =3 

D-C 


00 

T3 cn 

a; c -c g 

(A O P E 

=3 r- 

<* * £ * 
- £ 10 5 

JC c U 

a <u g ^ j 

o o t; <u 
^ e t; -c 

£L 3 +•> . 

q-x> rz A 
(d c 2 Oi 
«3 c , 

X **" r 

•r- tf) (!) P i 

s- i- -C ^ 


-P> 


-M 

E 



"O 

00 

4- 

o3 

<1> 


T- 

E 

a> 

a> 


O 

E 

_C 


X 

$- 

03 

p> 

00 



00 

4— 

o 

o 

r— 


00 


S- 


o 

s- 

4- 


»— - 

<a 

CU 

<U 



Cl 

•r— 

T? 

!3 

E 

•i — 

4- 

(/) 

oo 

a. 

c 

<L> 

CJ 


> 

00 

C 

O 

o3 


r— 

r— 

x: 

s- 

C 

O 

«r— 



Ol 

03 

u 

OJ 

o3 

*r~ 

E 

•» 


13 

O 

<d 

> 

t- 

P> 

03 

00 

+J 

O 


0) 

o 

p> 

03 

c 

•i — 

c 

o 

<u 




S- 

>> 

X 

a; 

c 

_c 

4-> 

c 

C 

cu 

X> 

<d 

• — 

3 

I— 


< 


18 
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C60 ROTOR LOADS PROGRAM - PROGRAM SOLUTION 
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ANALYSIS PLAN 

C60 ROTOR LOADS PROGRAM - PROGRAM SOLUTION 
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- Rotor Performance 

- Blade Loads 

- Control Loads 

- Hub Loads 
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ANALYSIS PLAN 

ROTOR-FUSELAGE COUPLING ANALYSIS - ROTOR HUB IMPEDANCE MATRIX 





• TERMS OF THE IMPEDANCE MATRIX ARE FORMED BY IMPOSING SMALL HARMONIC 
HUB MOTIONS IN THE C60 ANALYSIS. AT THE IMPOSED HARMONIC, FIXED SYSTEM 
ROTOR LOADS ARE COMPARED WITH THOSE FOR ZERO HUB DISPLACEMENT TO 
OBTAIN INCREMENTAL FORCES AND MOMENTS PER UNIT HUB MOTION. RESULTS 
ARE ASSUMED TO BE LINEAR. 



ROTOR-FUSELAGE COUPLING ANALYSIS-FUSELAGE HUB MOBILITY MATRIX 


S- ftJ 

o 

4~> * 

O uo 
U OJ 

O «d 

E f 

<d JD 
00 


S- cu to 

O C-r dj 
Li— O U 

+-> v- 
c *-< o 


3 
Cr> O 
C 4- 

tO M— 
**- O 
u 

<d xj 

c 00 

0 o 

1 S 

S" 


o o 
«- £ 

<u E 

C J2 

cd 
c c 

>r " *r- 

5? oo 
o 
<d o 

x 

c 

rd 01 


?s 


cn 


O 

u 


<D 

* g 

vj 


oi u 

<d 
cd cu 


* u 

</> 

c c 

O O 
■r- E 
-M i- 
U <d 
CD X 

s- 

X rd 
3 

CD X • 
> *r* C/l 
*T- > C 
4 - *r- O 

x •«- 

CD C -M 

-C *i— o 

4-> E 

>> 

4-13 U 

o •*- 

I— c 
o> cd o 

CUE 
O O i- 
E <d 
c JT 

•r- a) 
Cl*— 
<D <d <d 
— c 

(D O 

tO »r— 

3 4-> 
U 

n cd 

3 Z V- 

r: C -r- 
OC XI 
<D H- 
c co aj 
r- c c 


u 

L- 

o 


CD X 

00 

Z -r- 

4-> 4-> 

* " O 

00 

fd fd 

a. x u 

CD 

r~ E 

2 T 

-X X 

CD 

o ^ (tj 

4-> C 

t- O 

t—H 

^ 2 E 

fd 

4— 


f o 

O CD 

CG ^ 

(U i L 

C 

- ^ 

C-p4- 

00 •!— 


<r _ 3 

C 00 

x 2 

00 1/1 Oi O O 

*i— ^ 

I , % c 

T- CJ 


CD ^ -r- 

4-» 

4_> <d 

C *Jr +J 

<d cn 

<d 

•i_ QJ t — 

x tz 

E </i 

01 *“ 3 

U *r- 

*r* 

O , 00 

3 «M 

>> 

U *r CD 

4-> r- 

+-> 


S- 3 


(TD ^ 

CD oo 


-Q ' 

i£ 

2 o 


CL CD 
3 JZ 

g+J 
cn c 


CO Q. CD 
C U 

o «— 

•i— <d <D 
4-> 3 X 
U U -P 

a) *r~ 
s- > 4-> 
•r- *r- 3 


CD 

cn 

<d 


oo 

(D 


<D O 
to J- 
3 O 
4- 4- 


<D -Q 
X 3 
h- -C 


airuu O 
C c 

•r- 'I— CD i— Ol 
oo ? > c 

O *r- >> ’r- 

U <D 4 - -O X 
I U rd 

a> c a> x cd 
c «3i: ai l 

■r +j+j e 
CO 00 s_ x 
O X 4 - O X 
u **- o 4 - <d 


28 


ANALYSIS PLAN 

ROTOR-FUSELAGE COUPLING ANALYSIS - FUSELAGE HUB MOBILITY MATRIX 
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THE REQUIRED MOBILITY VALUES. 



ROTOR-FUSELAGE COUPLING ANALYSIS-MODIFICATIONS 
FOR TEETERING HINGE AND UNDERSLINGING 
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ANALYSIS PLAN 

ROTOR-FUSELAGE COUPLING ANALYSIS - MODIFICATIONS 
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EFFECTS WILL BE IMPLEMENTED IN THE COUPLING ANALYSIS BY APPLYING 
KINEMATIC RELATIONSHIP BETWEEN HUB AND FUSELAGE. 
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• Impose calculated hub loads Fx, Fy, Fz, M x, My at the main 
rotor mast teetering hinge attachment 

• Use NASTRAN to calculate the vibratory response of the AH-1G 
at the same locations as those measured in flight 
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FLIGHT CONDITIONS AND FUSELAGE LOCATIONS 
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CHANGES TO ANALYSIS PLAN 
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REVISED ANALYSIS PROCEDURE 
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AH-1G OLS MAIN ROTOR HUB GEOMETRY 
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POSITIVE SIGN CONVENTION 


AH- 1G LOCATION POINTS FOR CORRELATIONS 
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AH-1G LOCATION POINTS FOR CORRELATION 
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AH-1G 2/REV FUSELAGE VIBRATION LEVELS 
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6. EFFECT OF UPWARD AIR FLOW FROM THE "NOSE" INTO THE 
ROTOR WHILE IN FORWARD FLIGHT 



SUMMARY AND CONCLUSIONS 


<D 1 

-a c 

x> X> 


1 

1 1 

f 

cr> C 

c fd 

*r- C 

o 

a. 

CD C. 


o3 O 

<d 

ai fd 

-M 

3 

t- CD 

*f— 

r— 3C 

C 

•( — 

o 

O 

CL TD 

fd 

a) 

oo 

r" ’i — ■ 

<d 

o 

u 

<J 

C 

C 3 

u- 

3 

T ^ 

+-> 

-M 

CD 

o 

>i 

4- * 

01 ° 

u 

cn 

cu 


1 XJ 

-M X 

10 v " 

<D 

fd 

O -C 

c 

S- <D 

O s- 

J-l V- 

3 
cn oi 

o ^ 

_ 4-J 

5- 

o 

o 

r— 

CD 

V) 

V. +J 

o 


• >- w c= 

° O) § 

p o (D h. 

>>S o 
S U J« 
> « 2 5 


=3 c 
O U .r- 

U 03 

P •* +-» 

S- _Q 

C o 

T3 <D 
CD > O 

0.0 ^ 

§ D 

O • ro 
O <- ' co 
=J -Q oo 
3 <D 
cu r u 
x: oj 

+3 <d c 


% " o 
■° o>^ 

VI Cp 

CD ,f “ 

u 7 - * 

C CL ^ 

cu O .X! 

V- O 
(DO 

t«§ 

*5 S’ I* 


3 cn " 
£ § 0 * 
' 0 -M 

o ^ c 

2 s- a; 
“S CD ^ 
2 ? « 
CD 3 £ 
-C o 
+■* 

C 4-* 

o 

4- c 

s~ o g 
o J 3 

e^s* 

s- 

O ^ °- 

o 

CT) <“ 

c * 

3 x> s~ 

r- QJ O 

00 > 4-> 

t. O O 
<D S- U 
X> g- 

C E o 

3 •!- v£> 
O 

a) cd 

“ o> 

«{- 2 - £ 

O o 

^ </> m 

$Tg* 

4- C .p 
P O p 
CD *r- g 
-M . 1 . 
a; <5 x 

I4J CD W 

4- t ^ 

° 35 


*r- -M 
CD 

c 

.,- 

01 ^ 

mr ~ ' r " .z: xj 

fd 

C T- 4- 
•f— 4— O 

< • 

s- 

CO ^ 

-a g 

^ CD 

X3 X CD 

CD 

s- 

fd 4- 

CD 

<d -g 

cn 

5 !- 3+J 

s- 

s " « 

c 
• c 

o ° 

• <d 

01 r- 


o 

<J 

° <d c 
_ s- o 

5g 

fd c 

CD 
_ oi 
O 

*“ CD 
<D ol 
X5 3 

| 5 S*° 

x> r; r— oi 

§ if | 

CD 

P. Q Q_ O ty. 

2 jc 

O 4_ 

JC 

P fc V) 

Jr 3 

p-> 

E 

+-> 

CD 

t- oi S- 

S.° 

u -a 

XJ 

a; c 

S- 

s- _ cn 


<D ^ 

fd 4_j 

cu c 

ai fd 

CD 4/1 C 

i — 

"P ol U 

•r— 

+-> fd 

d 

4-> ,r ” XJ *r- 

1 — 

£- >, id 

$- X 

3 

r“ 01 

4-> QJ 05 

fd 

O ,— QJ 

O CD 

Q.^ 

CD X? 

a> oi -m c 

s- 

d c 

L_ CL 

E -a 

oi fd 

-Q C C T- 

<D 

C C *r- 

i- x 

O 3 

3 O 

•r— CD i — 

> 

»— • rd i — 

CD CD 

O -C 

4— *— 

< 1 — 01 01 

O 


120 


SUMMARY AND CONCLUSIONS 


a> 

£ 0 

+* o> 

C TO 
TO TO 

O'? 

ZZ +* 

| 2 

OT3 

££ 
TO “ 

TO 

k_ 

O 

E 


Q. 

3 

O 

o 

TO 

C 


c 

o 

■ m 

TO 

U 


TO 

0) 

3 



"O »- 
TO O 

CL'S ^ 
3 TO o 
O o>to 
O O f- 


TO 


x: i2 o 

TO c 

>■0 ■- 
■ooo 

hEjq 

g«° 

2 o>o 

i »r. 

3 TO >» 

5= <? TO 

C 3 w 

CO 

>»T3 TO 
31 C O 
TO TO TO 
TO i» C 

0)2 2 
to 2 Q a) 

TO TO E g 

(/)n fl o 


■O 
TO 3 
O o 
— o 

-Q< 


TO 


0>g- 
o w 
2 TO 

Q. 1 - 
_ TO 

j2 ■ c g> 

>»0 0 TO 

S O o = 

TO P O 

k- *— T 3 

n to ® c 

’> 2>.Q 03 

T5“iS« 
® »5a 

TO 3 W O 
3*V TO “ 
“OIO 

o 2 5 2 


O) 


CO 

k. 

TO 

■o 


c 

TO 


3 

O 

O 

o 

Z£ 

— 2 

® O) 

02 

* O) 

o c 

■O Q. 

2 = 

3 0 

S'®. 

£. O) 

co« 

— TO 

r 5 

o2 

3= i 
TO 5 
■+- *- 
C O 
TO *- 

E ® 

If 

TO — 

> .Q 


TO 

</) 

TO 

5 

(0 

*— > 

3 

(0 

TO 


</) 

TO 

■4-» 

■O 

c 

TO 

TO 

O 


TO 

C 

TO 

*+- 

O 

c 

o 

m w 
■<— > 
TO 

TO 

i_ 

O 

o 


121 



122 


(/> 

0 

o 


0 

0 

0 

DC 


o 

G> 


PRECEDING PAGE BLANK NOT FILMED 






REFERENCES 


T3 

C 

<d 


CD * 

I—* 

i p^. 

X C7> 

<c ^ 


e 

<d 

c 

>> 

"O 

o 

£- 

<D 

< 


i- 

CD 

+-> 

Q. 

o 

u 


CD 

x 


CD • 

f-H 

i 

X CTs 

< »— < 

..fc 

• <d 

3C 3 

* s- 

O P 
CD 


<D 

-C 


_ in 

So 

S«i 


L- 

-Q • 
•r~ O 
> Z 

<C t 

£ o 

2 S’ 

<a. 

<1 
.. ^ 


c 

o 


<d 

-o 


<d 


u 

o 

4- 

03 

P 

id 

a 

c 

o 


o 
, o 


ID 

00 

cti 


a> 

£ ■§ 
D> 5 
,r " > 
r - o 


CD « 

^ ° 

I vO 

-L- t — 4 
< 00 
r^. 


oo 

P^ 

<T> 


U 

O- 

< 


C\l 

CM 


Cl. 

O 

a 

o' 

< 

CD 

< 


00 

U 

O 

P 

0 

a: 

i- 

<D 

P 

01 
O 

u 


00 

■a 

o 


a> 


c 

o 


u 

*r- 

"O 

CD 

U 

CL 


c 

o 


<d 

s- 

-O 


CD 

E 

<d 

S- 

4- 

5- 


U 

o 


c •» 


O I 

CD 

Ql 

O <D 

•* +-> 


X 


in oo 

c c 

>>c-> 


T7 

E ! 

CD CD 

fc- _ 

S- 

CD 

id oo 

-X E 

id <C 

o 

j — 

**— 

c id 

E O0 

4- 

Q- 

i— 

3 E 

E < 


3 

•— ac 

c- C 

3 z: 

>> 

O 

•r* 1— 

CD < 

oo 

cn 

CJ 

3 


o 


_J 

O 

C > 

» 00 
. CD 

o 

• • 

-o ct: 

c s 



c 

X 


id ^ 

^<C 

V 


u 

CD 



oo 


o * 
>> 
CD 

" > 
X u 
O 3 
O 00 

01 

• -Q 

• id 

< o 

• _J 

CD 

id 

• U 
>) 3 
a) p 

-X D 

O 3 

o u 

X P 

00 00 


• CO 


id 

-x 

CL 


C 

< 

CD 

CD 


00 

TD 


id J 

s- Ji 


•i 

>> 

8® 
° « 

o 

_J 

<d ^ 

!j >> 

a; g 

^ 3 

p 



C iZ 

c 


id 

<d “f 

CD 

"O w 

•* 


&- 

C P 

• 4" 

• o 

J- 

cd CD 

J.D 

Air 

Q 

• o 

r3 oi 

3 

OJ 

• • 

Ll 

3 *> 
^ CM 

•» o 

« -Q 

• 

r-3 U0 

O) CD 

CD CD 

ac 

J 00 

4-> -P 

P »— 



■i- CL 

•r~ CL 


"CL 

JC o 

X 3 

i— — 

>)O0 

-X CJ 

-X o 

CD 

CD 

C 1- 

c o 

-Q 

r— <31 

o »— 

o 

<d 

<d m 

5- CD 

C- 4- 

CD 

+-> < 

O X 

o o 

oo z 

• 

• 

• 

• 

CM 

00 


in 


> 

VI 

oo c 

•r- O 
in P 
>> Q- 

id id 

c or 
< 

o c 

i° 

id 4— > 

c id 

>» v- 

Q -Q 


O 

"a 
-o c 
o id 
_c 

4J 

a> u 
2 o 
x 

00 OO 

in 

c c 

,F o 


P =* 
40 * 

tsfr 

£ >• 

°x: 

So 


in 
in 4) 

ig 

CD *- 

r- CD 
LU 

i- 

CT> <D 
C +J 
*r— 3 
-M Q- 
id E 
4-> O 

o <-> 

QZ 

q • 

,,+J ( D 

• vO 

o-J in <d 

• C rH 

^ o 

u 

« in <d 

-X C -O 
Id <D O 
> 4-> P 

o x o 

zuO 


lO 


PRECEDING PAS* glAAflf NOT FILMED 


125 


par e / ^ / INTENTIONALLY blank 


NASA 

Natooai Aprfrvaufcs arxj 
srve Acrv^jraion 


1. Repon No. 


Report Documentation Page 


2. Government Accession No. 


3. Recipient's Catalog No. 


NASA CR - 181923 


4. Title and Subtitle 

Calculation of Flight Vibration Levels of the 
AH-1G Helicopter and Correlation with Existing 
Flight Vibration Measurements 


5. Report Date 


November 1989 

6. Performing Organization Code 


7 Author(s) 


8. Performing Organization Repon No. 


R . A . Di Taranto and V. Sankewitsch 


9. Performing Organization Name and Address 

Boeing Helicopters 
P.0. Box 16858 
P h i 1 a . , PA 19142-0858 


12. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Langley Research Center 
Hampton, V A 23665-5225 


15. Supplementary Notes 

Langley Technical Monitor: R.G. Kvaternik 

Final Report 


10. Work Unit No. 

505-63-51-01 


11. Contract or Grant No. 


NASl-17497 

13. Type of Report and Period Covered 

Contractor Final Report 

14. Sponsoring Agency Code 


16. Abstract 

Boeing Helicopters, together with other U.S. Helicopter manufacturers, 
participated in a finite element applications program to emplace in 
the United States a superior capability to utilize finite element 
analysis models in support of helicopter airframe design. The program 
was sponsored by the NASA Langley Research Center. Under this program, 
an activity was sponsored to evaluate existing analysis methods appli- 
cable to calculate coupled rotor-airframe vibrations. The helicopter 
used in this evaluation was the AH-1G helicopter manufactured by Bell 
Helicopter Textron. 

This report summarizes the results of the Boeing Helicopters efforts. 
The planned analytical procedure is reviewed. Changes to the planned 
procedure are discussed, and results of the correlation study are 
presented . 


17. Key Words (Suggested by Author(s)) 

NASTRAN 

AH- 1G Helicopter 
DAMVIBS 

FI ight Vibration 

19. Security Classif. (of .this report) 


18. Distribution Statement 


Unclassified - Unlimited 


Subject Category 39 


I 20. Security Classif. (of this page) 


I 21. No. of pages 


I 22. Price 


Unclassified 


Unci ass i f i ed 


NASA FORM 1626 OCT 86 






